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Abstract
We propose the decay modes B → a0(→ ηpi)pi to determine the CKM
phase α. One can analyze these modes through (i) the B → a0pi isospin
pentagon, (ii) the time dependent Dalitz plot of B0(t) → a±0 pi∓ → ηpi+pi−,
and (iii) the time dependence of B0(t)→ a00(→ ηpi0)pi0. We show that the a0pi
modes have certain advantages as compared to the ρpi modes, and strongly
recommend the time dependent Dalitz plot analysis in the a0pi channel.
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I. INTRODUCTION
The determination of the CKM phase α through B → ρpi decay modes has been widely
discussed. The isospin pentagon analysis for the ρpi case [1] can, in principle, solve for α as
long as the intermediate ρ state can be cleanly identified and there are no interference effects
between different channels. The interference effects can be taken care of by a time dependent
Dalitz plot analysis [2]. Some of the ρpi modes have already been observed at CLEO [3], and
the experimental feasibility studies of these modes have been performed for the B factories
[4] and the hadronic machines [5,6]. The theoretical issues involving the measurement of the
phase of the t-quark penguin through these modes have also been addressed [7].
AlthoughB → ρpi are the most favored modes for determining α, their utility is hampered
by a few factors. Since all the final state particles are pions and the width of ρ is large (≈ 150
MeV), the combinatorial background prevents one from a clean separation between the ρ+pi−,
ρ−pi+ and ρ0pi0 channels. The isospin pentagon analysis, as proposed in [1], then cannot
be carried out and one has to use the full three body analysis [2] taking into account the
interference effects between different channels. Neglecting the non-resonant contributions
and electroweak penguins, this analysis can be performed in principle to give α without
discrete ambiguities. However, this involves performing a likelihood fit with as many as
nine independent parameters, and the presence of resonances near ρ which decay to pipi also
restricts the potential of this mode.
In this article, we point out that analyses of the decay modes B → a0pi offer certain
advantages over the ρpi modes. The combinatorial background and the background due to
nearby resonances is smaller, and the Dalitz plot analysis requires a likelihood fit with only
seven independent parameters, as compared to nine in the case of the ρpi channel. If the
branching fractions of B into these two channels are similar (which they are expected to be),
the a0pi modes should be able to perform as well as ρpi modes, and possibly even better, for
the determination of α.
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II. THE ISOSPIN “PENTAGON” ANALYSIS
We shall use the notation anologous to the one introduced in [1] for the amplitudes: the
amplitudes for the five B → a0pi processes are
√
2A(B+ → a+0 pi0) = S1 = T+0 + 2P1 ,
√
2A(B+ → a00pi+) = S2 = T 0+ − 2P1 ,
A(B0 → a+0 pi−) = S3 = T+− + P1 + P0 ,
A(B0 → a−0 pi+) = S4 = T−+ − P1 + P0 ,
2A(B0 → a00pi0) = S5 = T+0 + T 0+ − T+− − T−+ − 2P0 . (1)
For the CP -conjugate processes, we define the amplitudes Si, T
ij
and P i which differ from
the original amplitudes only in the sign of the weak phase of each term.
The isospin pentagon analysis with the decays B → a0pi can be carried out as outlined
in [1]: the decay rates of all the five modes above (and their CP -conjugate modes) can be
measured. Adding to this the time-dependent CP asymmetries in the decays of neutral
B mesons (
(−)
B0 (t) → a+0 pi−, a−0 pi+, a00pi0), we have 12 observables (taking into account an
arbitrary normalization), which in principle can solve for the 12 unknowns: four T ij, two
Pi, five relative strong phases between them, and the CKM phase α.
The isospin pentagon analysis for the B → a0pi mode can be carried out more cleanly
than that in the B → ρpi mode, because of the following reasons:
• The combinatorial background is smaller: the final state in a0pi → η(→ γγ)pipi consists
of two photons and two pions, and given the small width of a0, the probability of both
the ηpi pairs having an invariant mass below the a0 peak is small. For the same
reason, the contamination due to the ηρ resonance will be small since this resonance
band “intersects” the a0pi resonance band in the Dalitz plot, and does not “overlap”
it.
• The background due to nearby resonances is smaller: the nearby resonances that
decay to pipi (e.g. f0, ω, σ) can contribute to the events below the ρ peak. On the
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other hand, the nearest resonance to a0(980) that can decay to ηpi is a2(1320), which
also has a small width (≈ 110 MeV) and has a branching ratio of about 15%, so that
its contribution to ηpi below the peak of a0 is small.
The discrete ambiguities in the determination of α through the pentagon analysis [8]
cannot be avoided, and the interference effects might restrict the efficiency of this method.
In that case, the full three body analysis described below has to be employed.
III. THE TIME DEPENDENT THREE BODY DALITZ PLOT ANALYSIS
The Dalitz plot analysis can take care of the interference terms between two decay
channels leading to the same final state. This analysis is more general than the isospin
pentagon analysis and can be used even in the case of small interference effects, though
substantial interference effects increase the efficacy of this analysis.
The analysis, similar to the one suggested in [2], can be carried out in the following
manner: ignoring the non-resonant contributions and denoting
f i ≡ A(ai0 → ηpii) , (2)
we can write
A(B0 → ηpi+pi−) = f+S3 + f−S4 , (3)
and its CP -conjugate decay amplitude
A(B
0 → ηpi+pi−) = f−S3 + f+S4 . (4)
Using the time dependent decay amplitude
A(B0(t)→ ηpi+pi−) = e−Γt/2 ×
×
[
cos(
∆mt
2
)A(B0 → ηpi+pi−) + iq sin(∆mt
2
)A(B
0 → ηpi+pi−)
]
, (5)
where q is defined such that the mass eigenstates of neutral B are
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BH = (B
0 + qB)/
√
2 , BL = (B
0 − qB)/
√
2 , (6)
we can write the time dependent decay rate as
Γ(B0(t)→ ηpi+pi−) = e−Γt∑
k
Fk [Ak1 +AkC cos(∆mt) +AkS sin(∆mt)] . (7)
The expressions for Fk and Aki (where i ∈ {1, C, S}) are given in Table I.
The strong decay amplitudes f j s (j ∈ {+,−, 0}) are functions of the invariant mass mj
of the ηpij pair. They can be naively approximated by the Breit - Wigner function as
f j(mj) =
Γa0
2(ma0 −mj)− iΓa0
. (8)
However, the KK¯ threshold near a0(980) distorts the spectrum of f
j(mj) [9]. To take care
of this, one has to either (i) select only those events below a certain value of mj (such that
the line shape of the ηpij resonance in this region is not affected much by the KK¯ threshold
effects) or (ii) use a coupled channel model to theoretically determine the line shape [10].
Using the time evolution (7), the coefficients of Fk can be separated into Ak1, AkC and
AkS, which are terms bilinear in the amplitudes S and S. The α dependence of the leading
order terms in Aki ’s has been shown in Table I. It shows that both sin(2α) and cos(2α)
can be measured independently, and hence the discrete ambiguity (α→ pi/2− α) is absent
(this has been noticed in [2] for the ρpi mode).
The decay B0 → ηpi+pi− involves the contribution from only two channels: a+0 pi− and
a−0 pi
+ (as opposed to the B0 → pi+pi−pi0 decay, which gets the contribution from three
channels: ρ+pi−, ρ0pi0 and ρ−pi+). Therefore, the number of parameters involved in the
a0pi analysis is smaller (seven as compared to nine for ρpi, if we take the values of the
masses and widths of ρ and a0 to be known). Moreover, the smaller width of a0 implies a
significant interference-free region in the Dalitz plot, which would allow the determination of
the coefficients of f+f+∗ and f−f−∗ (See Table I) independently. This makes the likelihood
fit more robust.
We also have the corresponding amplitudes for decays to all neutral particles:
5
A(B0 → ηpi0pi0) = f 0S5/2 ,
A(B
0 → ηpi0pi0) = f 0S5/2 . (9)
The time dependent decay rate is
Γ(B0(t)→ ηpi0pi0) = e−Γt f
0f 0∗
4
×
[ |S5|2 + |S5|2
2
+
|S5|2 − |S5|2
2
cos(∆mt)− Im(qS5S∗5) sin(∆mt)
]
. (10)
The term Im(qS5S
∗
5) depends on sin(2α) in the leading order. The three terms above are
sufficient to determine the value of sin(2α) in the approximation of small QCD penguins, but
the expected smallness of the branching fraction [O(10−6)] would mean insufficient statistics
for the determination of α. If the penguin contribution is substantial or the assumption
of colour suppression is not valid, the mode B → ηpi0pi0 may still have a larger branching
fraction than naively expected, though.
In the case of the charged B decays, we have
A(B+ → ηpi+pi0) = f+S1 + f 0S2 , (11)
and its CP -conjugate decay amplitude
A(B− → ηpi−pi0) = f−S1 + f 0S2 . (12)
It is possible to observe the direct CP violation, but its measurement cannot be connected
to α without the knowledge of the strong phases.
IV. DISCUSSIONS AND CONCLUSIONS
The good pion reconstruction in the B factories makes the study of multi-pion modes at
these experiments attractive (e.g. 4pi modes like ρρ, a1pi). But the problems of combinatorial
background in these modes become even more severe than ρpi. In addition, since one has to
deal with a four particle phase space, the overlap regions of the resonance bands are smaller
than those of ρpi, which reduces the impact of the interference effects [4]. In the case of a0pi
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one has to deal with only a three particle phase space like in ρpi, since the two photons in
the final state have to come from η. So it is free of the phase space problems with the 4pi
modes.
The B factory experiments also have an environment clean enough to reconstruct photons
and consequently η, so the detection of B → a0pi should not pose a hard challenge. One
loses a bit on the branching ratio (B(η → γγ) ≈ 39%), but that is partially compensated for
by the fact that the photons from η are on an average more well separated than those from
pi0, which would also imply less background for η. The branching ratios B(B → ai0pij) are
expected to be nearly the same as the branching ratios B(B → ρipij), i.e. O(10−5) when at
least one of the final state pions is charged. The Dalitz plot analysis of B → ηpi+pi− needs
only charged pions, so the statistics available will be comparable to that of the ρpi mode.
The a±0 (→ ηpi±)pi∓ modes can also be combined with the ρ0(→ pi+pi−)η mode on the
same Dalitz plot, and the additional interference regions can be used to obtain supplementary
information on α and the magnitudes of the tree and penguin amplitudes [12].
As a final note, we give one short comment on the possible extension to the B → ηpipi
isospin triangle analysis: since the isospin of η is zero, in the leading order the isospin
analysis of B → ηpipi can be the same as the isospin analysis of B → pipi, and the CKM
angle α can be determined from the amplitude triangle
1√
2
A(B0 → ηpi+pi−) + A(B0 → ηpi0pi0) = A(B+ → ηpi+pi0) (13)
and its CP -conjugate triangle
1√
2
A(B
0 → ηpi+pi−) + A(B0 → ηpi0pi0) = A(B− → ηpi−pi0) (14)
in the same manner as has been proposed for pipi in [11]. However, since unlike in the B → pipi
modes, the isospin of pi − pi can be I = 1 in the B → ηpipi modes (when the pi − pi state has
L = 1 and is in a relative P -wave with η), although such final states are suppressed because
of their higher angular momenta. If the analysis at the B factories can disentangle such final
states (through angular distributions, for example), then even the B → ηpipi isospin triangle
analysis may be performed.
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In conclusion, we have shown that the modes B → a0(→ ηpi)pi can be used to deter-
mine the value of α through (i) the isospin pentagon analysis of B → a0pi, (ii) the time
dependent Dalitz plot analysis of B0(t) → ηpi+pi−, and (iii) the time dependence of the
decay B0(t) → ηpi0pi0. The a0pi modes have less background than the ρpi modes, and the
Dalitz plot analysis for B0(t) → a±0 pi∓ → ηpi+pi− involves two less parameters than the
corresponding ρpi analysis. The larger interference-free region in the a0pi case would also
make the likelihood fit more robust. Since the branching ratios for these two sets of modes
are expected to be similar, the a0pi modes should be able to perform at least as well as the
ρpi modes. We, therefore, strongly propose that the B → a0(→ ηpi)pi modes be studied at
the B factories and the upcoming hadron colliders.
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TABLES
Fk i Aki α dependence
f+f+∗ 1 (S3S
∗
3 + S4S
∗
4)/2 1
C (S3S
∗
3 − S4S∗4)/2 1
S −Im(qS4S∗3) sin(2α)
f−f−∗ 1 (S4S
∗
4 + S3S
∗
3)/2 1
C (S4S
∗
4 − S3S∗3)/2 1
S −Im(qS3S∗4) sin(2α)
Re(f+f−∗) 1 Re(S3S
∗
4 + S4S
∗
3) 1
C Re(S3S
∗
4 − S4S∗3) 1
S −Im(qS4S∗4 − q∗S3S∗3) sin(2α)
Im(f+f−∗) 1 −Im(S3S∗4 + S4S∗3) 1
C −Im(S3S∗4 − S4S∗3) 1
S −Re(qS4S∗4 − q∗S3S∗3) cos(2α)
TABLE I. The values of Fk and Aki in the distribution of events (see eq. 7) in B0 → ηpi+pi−.
The last column shows the α dependence of the leading order term in Aki, i.e. when all Pi are set
to zero.
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